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nr !Q -vc'no?} 

shi»l'i5,Rf recjulr 0 ?a«nts hrr« impcise-^ *»ny problea# the 
awlMur Among thc-ee pr^leg» h«# been tJiw 4«t»re»ln«tloii or pire- 

dlotloB of th« #ff«ot of TOld« or stir dwt* on a fswwi fl*14, A mi3i>or 
of related experlsMMits h*ve been ooaiuatad at Q«k -fidge K**’Uon«l Labo- 
ratory, SreoVhwaa National Laboratory, end tbe Sttclear Aoroepaco lo- 
•«*rch facility* These hare been directed tovsrJ verifying »n*lytio*l 
mtho4w for prediotlaf the effeete of diiota and voids. 

This investlgatiOR was tm-iertaken to sseasure the ga^so* field in 
water reraltlag froie a Cobalt-50 »oun;«, ?ha effect of a duct was In- 
veatlgated by awseureeaaiit bol^ In taJ ©ut of the water wodiuju, 'Ihe 
aeaatiresii^jats were m$d» wslng Ut& ahield tank facility of low# 'At«te 
yaiversity** Ufrt-10 reactor, Aseociated with the tenfe fssi,llty was m 
tnstreaent bridge for pealiioalag det.«ctl©n equipment Insid© the tank, 
Th® invoetlgattoa prevldod the photon enerfy specirua et esoh 
spstifil point In addition to reletiv* coont rstes and dose rates. The 
photon fltix aiKl enorgy spactm* specified the aetoant of radiation at 
©j&eh point. Integrated do»« rates ware detcrt'd.aed in mr/hr^ 
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I’? y-Tj ’' 

A l«rg« «»ount of llt«r*tar« conecmln,? of dacto 

or void® w# whon opi,gtn«lly pabll*ii«4* "^l® wg® 

gr«iiB»lly docl»»sifiel or r«ts«n*<l as tafor^stloa, Th« 

0»k Sstionfl L»bor»to?y Core-Holo snd ^ulk Ihial.'flnj 

F*etlity togother vith th* Hro«kh«vi!?o S?>tlon*l tsfeor^tory W.5-'*’«»k 
SMclitl,ag Facility pTtrrldod th* bulk of «*rly duct axperiscnt®, A ;?«•• 
8«rlptloa of iheee f«oilitie* Is fircn by -Joldcteln (3)» 

<Mes*tnroeMsnt of the effect of void® w»® ««de by Pr®tt aod Foot® (?)• 
Ihelr tnvs^stti*»ti.oa tjuj laded both oylittlrle*! mi «pherlc*l ▼old® of 
Tarlous site® In » water ssodlm, 1b« ioteetion ff^nip«ent me pl*c«d 
octal (2® the water asedluia with pile fsscRie© eorvlnf «# the aonro®. The 
relative position of the im% to the source wee hell conatsat. tJount 
rate® were obteinei for ilfferent iefcector positlone eni shield thick- 
neaee® by releing end lo^’«ri»y botii the ester level and tetector, 

*for« recent lave«tlgatlon® Include those of Cellla* (?) mi ''lark* 
et al., ( 1 ), Colllae letermlnel the dose rste* above « w-^tep shield 
h»vtr^ « Blnrle ittct, ^ ^eb«lt-6C source v*® placed at one end 

of ft 3-in* duet, Cl«rk maearel the g««si» rail all on stroajslng through 
a duet pe«etr»tlB(!' the wall of s rooai* t 15,9-aic scarce vs® 

Buspcn^ed !n the sen lor o' the rooe, ‘o*e retea la# to radlatlor; penc- 
tpsllnf the Jiact were derived fro« ®eaaure»ie«t® ■nsd® ootald# th® roon. 
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ecnc»m#ti vith .i«ct *tre»'Kln*: «ru3 
«©istt«r#<J redlstion oatelJ# tho ehleldlng racdlun* Tfeey v^r* 

pri'9»rllj «nd«rt«k®a to pit>v* er <1i»prov« various theoretioal t«<shn1 t<i«» 
for estimating shield roqulremonta* 
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'W? 

shlffil* t«rik facility of ?h?* IVT^-XO prori 2e<S the •JO'/Xer 
for the Ifiveetlgf-tien, This tsnk wsa 5 ft by 6 ft ty 11$ ft hi<h, Aa 
ln»ttn»«®at bridge »t the tap of the facility «nd e U In, 1lA'n<i‘ter 
altimlnuw tube prc-TldedS thr«9-ll»«si»toa-l posltJonln?: of the ;«-t-ectcr, 
ft pl«si’ls»e esse protected the detector tron. water, 'Iffctrleel loads 
were contsiaed in s ?0 ft pliable plastic tube. The i?s«tniai'?at brilpej 
plastic ease, sai tube are sHo^n la Tlfure 1, 

The 'iuct was an »lu«inu«i tube 3 !a. In Heaot^r, 9 ft lon<, '“tnei 
57 '*lls thick. It .fAS suspended by an imerted V ohsp«<i b.rsck<*t 
attach^ to the duct with n ils’setei’ p1.n, * roi, psssel through 

the opeainf bciwetim the of the tube end *h« rounded curve of the 
supported the twt, 'fne pin throu'/h the top the tube was perpen» 
dlcttlsr to the ret pr o vl !laf f ree !©='• of rotation at/out t«o s«®«. Thw 
two “^egress of fpo*^do« i^lim^ed the te han^ vertically, * rup ■^^^9 

■!»«lde.:! t© the stfear end sn-i f llle * ^th loei to provide ne-t!»t4v<* tuoyen- 
cy to the tth;* fnl to se*! ihe su'b».<’ri?ed snd. The awthod of suependlait 
the duet 1# pictured la Figure 1, 

t l,lS"!t« Tobalt»40 source «as used, eourcs was plaaeJ in the 

oenter of » paper cup and lowered into pos’ tlsn to the •*! idle of the 
iuet, ith the placed in *h« tor»k *:he source vm# ooiSl tloned as 

* sciatlllfftfon letector, 'blc-^ o "*'-5, w*s 

cryiital wes e th.**llluj!i»»icttv»tcf ro.liuti loHJe cylinder 1 ?n, la 
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dlffsict«r by 1 In* long* A ch«nn«l^ ^uclesr rhlearo r»disti<m 

analy*«r# mdel ISIO, wa» used for «««»urlnr th» energy »p®ctnia* 
Counting V** aceofspllsht'd • ?^uel<»ar Chlcafo ultr*»e»l®r MO-Jel 

'19?^-?. Th« resolYlnir tla*e of first slstrtronl'C! lecod* of tills 
8cal»r WPS 1 JBiorossc, Tti« count rst# w»a liTiit«'1 ‘■y the 

ratchanicsl r«-f1 *t#r to ITOfCOO f?p«. 
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?o«ltion of the «oaroe la th® t»ak 
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r -aC' 

Prior to *!»«klnf tiio pert'?o»'nt to tiK* ^nT^stl-Jci^tlon, 

the v»tvr tenk w«» sunreye'! for baokgroaodi. The backf^rouad r»>il«tlon 
.•vnrsfed ebmjtt 100 <rpa with en«rii?1.e* less thsn 100 ker, ?b* reactor 
bed been Idle for serersl hoars prior to the tlsie of »etsure?sent re- 
daelng the beokfround oora^lly »*socl *ted w! th frequent hl^jh power 
operstlens. 

It me -leslrsble to •’^proKisiete «s closely as possible the con- 
ditions of « source Sa # e/llndiiosl duct surroualed by m Infinite 
sttemfstlsf ‘sealuei. This of ocurer recrul red sx^.el sjwjstry about the 
source, the geoaetry of the lnv««U’§?«tion lea led itself neturelly to 
eyliadrSesl eoorHnaies the centerline of the 'mot ss the «r5». 

The ayswRstry wee lav^st?. srstci by nektng; « nu»scer of counts et 
serious positions about the axis ami at constant vertiosl dlatener.s 
from the source, '”bs soaroo placed ft frort three of "he tsnk 
wells »Ti(f ft frot* tlie fourth (rsert^) wall, Th« source ve# et s 
ds^th of itli t«* 

The count r«tes neer thr olose walls were ?-5 p«r''ont higher than 
tho«* obteiswd for the «»»» radius on the jaorth rail si. This In- 
oreesed count rate could be attributed to the proxi«lty of the walls 
end ohsnfe In a>rl.e«t«tion between the detector «n! source, '’ositions 
below the pises of ihe source reristerc'' eoirat rates «t low merfy 
thnt wore 10 percent hi i her then correeponding positions abore the 
plane of source, Tbie w«s attributed to the l 4 -in, dieweter probe that 
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FO«iticn«s-J ihtt rJetector. *l5«n th« «'«• belo"* th« plfn* of th« 

«Ottro» th« p'^« proTl i«'1 nor# 9 <s*t%t^r'^ effect to tfeo Fh« 

effsot of the probe ‘rfcalt not b® so rrest sbor® the score® »s b«low th® 
sdor®!®* 

The «ffeet of «c*tt 4 »rt,nr by wstor jm^J scettertni? by tiio letoetor 
fco^ oso fiO’spsrei eiitsld® lh« t*sjlr, 1b® plexiylsss eeie w«o flll®<l 
olth w*t«r plaoe4 between * lotsotor ond « besiui*-!!? »oorc« im i tn 
cnerfy epeetrow wearured, a -‘etootcr body »#s plsoei In the dry esto 
end th© opeotrusB meourei for ®<»rtoue oonftsruretions of the t«t®ctor« 
“7b® e®nfl)Tor»tlon d®t#mtn*-i to be closest to tfe«t of the ®ster *8# th« 
couplet® detector 1®«® the l«»d rt.r^ shout th® luelt® Itfbt »lps« This 
!i*t*otor w»s pieced tn th» ■wster end count rates wtth the d«t«cter 

faoinc In oppoistt® iireettens. 1b# count r»t#s with the detestor 
pointloit *v*y fro* » reiletion source wer* ebout 1 r?crc«nt hifber then 
thoe® pcdntinf toir»rd the souree* 

'®pe?*tJip® froT* eyisan#^ trieel con 11 11 on® coul(J l*.« ettri bated to the 
detector, the po«si tlonlrt? prtsb®, the tenk walla, »aJ th* l®*d bslleat 
st t-h® bottom of the Sesl eating these ccnlltlona and easuming 

»s faflnlt® medium lBtr«'^uced a assoll bat eeceptabl® error. « aecood 
soure® of error eeecpted *m the essumptlon that th® plexlele®® c«s® 
about th« detector crystal ette^ueted the rsHatlon the asm® »a water. 
The density ami electron isnalty of plexiglssa i« eery nearly *he aa«e 
»s water, 

'Prior to maklfig the mesurements pertinent to th# inetetl^’etlon 
the esystel wa« removed from the .etector, the «sa®rd;ly checked r®r 
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of to thft photomlt^pliar the pre*»pl<^i«r chiKjVed 

for hiff5 volts^e aot«e. Ho coAtrlhutlon to ih» count rat-« was .•?♦» 
terwt.Rffd, Tn* cry*t®l ViH>» replecsdl, Ih# <'iel<fCtor, arj'^ljrfior* ,*?ni coaler 
5f©r® r*c«librst«1 wltlj # f>sut«B^-137 SQ«re«. * cejwplcfce yhoto- 

p«*k waa eat«birab«i*l m'* « resolution of was ^aterrdQorJ for the 
gain «n1 i»ln1oif width »®lected *’or *h« cpeotrusj, w»s need for 

eallhrstlon bee«t>,«« It repreaeated the ^sldpelnt energy, ker, of the 
^ebelt»^;0 *pecttn«s# 

The duot was pleoed in the ienk »n.i the soaroe lowered Into 
position* nije ex sot vortioel and horiaon^al position of the souroe w»* 
deteratsed fey weklng « vertiO'*! »n>? horl»ontel eurrey vlth the 'iaelyaer 
««t at the <?saer^y of the prl.m«ry OobalfcVrO photon. The pooHlen of the 
*o«re« wsff comi‘tere4 Ihw origin of ■s’hs cylinirl o'?! eeorllnete*. 
fhenToa la. tfe!? deteoto’' position mrs •«»*.•!« relsti'^a to the eeuroe, 

A.n eoerf^ apeetrts’s wea aiesRureJ st sel«>ct«l position In the 

ts.ok, ^ w?a5ow width of 100 wsja used for ''>»e energy interv-al* 

Count retea wars ?s«!»#ure.'. *'or ewsh IQQ^m tntwinrsl up to l,l00 
Count* ¥er« isken for 1 adnuto, ** spectra* wea measured for 7 point* 
«lonf each of U rallal I’ts** extwK ilof from the loct centerline, The 
rssdiaie selected ws're 15, 30, ;0 md 75 o»» afeoT* tJi* source e» in ^Ifrure 
?, The point* me«*urCsi on e«ch retlsl -^are 5, 7, 10, 15, ?5, 3.5 end 55 
cn Tr&SL the laot centerline, Thns* polat* ere -se aured alone » redial 
In the plan* of the .simroe 5C, 35 ^nd 'nS ‘3* from the . act <seat*rliJ», 

In or'^er to check the te^chni«i8e of this inv'f»atlg*tlon, th« «x- 
p'eri.’fiwfnt l®acrlh®d by Collins ('0 'tuplleatel as closely as possible. 
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"Tie 'J*te<rtor vf >9 placed pcint«i -JovnwHI 3 in, *h« yr^ter starfsce. 

The eotjrce »»» plsce^’? the <*«!:l 1" In, below the waster S'u'"^'«:e, 
ms««urem*nt# wspe ’?.«;ic 0, 11, 16 ?n’ 31 ^ro-r? the 

centrrllne, 'll# tuesrjrenent on ‘ha ecnterlSn# reqtilr«<i rosition^ns: the 
crystal pertly Into th« nwtJth of the ‘oot, assf«nresa«nta n«»r tho 

bounisry were srproxl'S'^W^j ‘ y laahlnf sjsea’irc’^cnts above the hict 
>«so«th sni nor»aali*lm^ to th«*- wpssureTssnts at the oentarliBe, 

K third variation of this experlo^eit was cc-ns^t«d without the 
iuct, the source was encloaei » sasll plaetis waterproof capsule 
and lowered into the tank, ^essure*enta were ’ne.Je aleng a horieontel 
line 30 en above the source. The results of this arrsu 'e?»«nt were 
coa©er*-d v=th values theoretically '' 0 tej*ielRed, 



'■li!»ok?rsun j ccln-^l ?tlons to th* nount 

rs!te«, "orreotei coxunt ri»te» #r« t)S!ul«t«d \n Ts> l«^ ? tfcroutb b.3 in 
th* sppwnilx. In orie-r tc tr»n«forra th« eouat rst« •? ruto « ione rst« 

I t n«‘C*'=!*«ry to, .f5r«t, letsndn® th« rst# t,h*t pRotc-jji! ver« 
•trikitsf th« arystal and, 3 »»CG«dl/, tr»?!fMs.r©ra the ”hQt4jE rate into 
• genrn* fl«x aR-J then to « to?!* ret«, 

itm Seteefecr nmn 8savwi«fd to fe« ieot-rople ietootor, that la, 
p9*’tl5le» were •essy.r®'.'* IrTeepactSTe of *’hr?r Hr9c»Jon 

of tr»T«l, asaaafjiion «'!'»» en ©r-rrox! Ration in this ease becsaa* 

of tm ceml^tlona, T&» first condition involred the repleceaswt of 
the roXvcm of «st-er «itt< the ^©lusaa of ietifoior holy irl,1sc«mt to 
tite crystsl, fecond ccn'ditlon ^nvolve’i the teteolcr crry«t»l 

shape. The '’ryst®! Hi not p’-e»©nt easatlj ■’he sm» cross srct'Jonsl 
»r*a nor the sa'ae tsi^ckneas In »’ll '1 recti one, '■'reli’s^nsfry count rates 
iSKsaorei In ^h* water tank *lth v»rt<mia or.l <^0191100* between souree 
•jni ietector snpportei the velldlt/ ©f esa'URinf an Isotroplo iet-eotor, 
in i -i«el isotrople ieteo'tor yryaente m area th‘--thea » normal *Xwey« 
p<Hnte-.i In the direct? on o? ■?wticia of the photon* being counted. This 
i« s froperiy ©f * sphere, Au eqalvalefnt sphere for thla cylln'Kcsl 
crystal a»« RsauiBOi here « rroes sact'cnsl «’-*'» of 1,0 »<iaer* In, 

'■ onverslon of ''oaat fste t© auwbcr of ;'hetona strUc^nsr the 
orystftl per unit time required t.ie bs« of two ret*ot ealctlrt-ed «ai 
t^jfeulatwd by 'filler to! liww (5)* Iniersction ratio le *he ratio 



of ou?abp>r of thut lnt«rrrt i>t leayt ©nca to tbf nuaf-fr th^«t 

©nt«r tji» crystal, '*1io photofr^cticn lo the fraction of * n terse tissf^ 

tfc«t i« eojupletclj «baor^«d. The fraction of tho fsnaas hsrlnv 
n psrtlo«l«r aasr^y »nd *r« oovmtod st that enarjrj- i« the pro'uat of 
th® photo fraction "sni the int^t^reatlon ratio. These retlos wro celmi- 
Isted by * J'ente Carlo »«thod that si wale tad actual frocenses nnJer«* 

by Incident gasmr. ray* all Bubae^uent ra tiatioo, Itie ratloe 
very with en'*^’gy> position of source mH. sise of eryatsl. The ratios 
e«re plotted versus enorsry for s 1 fa, by 1 in, hli^h crystal with the 
source on the face of the crystal, *ppropji «t« values of ^he t'!»o 
'.-a tics for the experlntetstel eaerj/ intsrrraljB wore estimated fro« this 
curve* 

The proiuet cf the two ratio* il.t not lend Iwv#-!! ately to « 
eenversion front count rate t© photon ret-e over all of the ensriy 
speetruai, fits highest primary energy of Colj«lt»'SO was f! rrt con- 
ffidered, %© count rate at t’te jiff t>rential ener-y ' ntenr*! thrt 
inrluJei 'the highest ener«!y GehalW'O gaisns reprereatel those photons 
that fere car.' lotsly absorbed within the crystal. The nw^-er cf 
photons per ad a hav’nf tM* taiount of energy that struck the c,ry»t«l 
was }ete-«w«ine<J by the pro tect of the count rate, the reciprocal of the 
photofraction *n1 the reciprocal of the iatergcUon rvtio, ‘^e total 
masber of phiOtons per win that actually Interactel with the 'iryatel 
was »he prc'uct of ■^:he count rate «n1 the rpeic^’ocpl o** the choto- 
frantion, "!lie H ffersnoe hetwe*n *he aue^er cf phetons 1 np 



on the cpyrtrl ao4 tlie nu?#"R»' roantel represents < the photos.* th*t. 
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lost only * portion of thpjr iator/stt nr th the eryttal, 

'Fhese cs entering th* crystAl, esprrlo’vi'inc 

on« or ?iCAt.t,‘r1.ni-T ry«nt» ««ai'plnr fms! the cr^9t«l prf.cr to 

collet* ebrorptlen, ^eao photons wore scta<lly count® 1 «t loiter 
snerries an 5 of>5*«»qi4ently cootribustisi to -‘noreastn? the count rate »t 
the lo^er onerg^leo. This phono*«mon of csatrlbuting to lower cnerf^r 
acyunt rate* by hl«;h©r snerji^y photoaa siesrif’emt tnl ro* 5 ulred 
eoTipojwsation, Th* oon'’Ti,bntlon to o»«s«r«d count rate* ^ro« photon* 
of « pertloulsr en«r^ Intorral 'wss asaa-eoi to b# oou^dly fWstrlbatei 
usiong the lower eraerB'y 5nt.err*5le, This aaaxnfrUon th* for- 

ward scattering offset eharacterist^r of hljf.b encfro' photons mil say 
iB.n.Qsn«e of crystal «1*« sni tb«p« on this pheooacnon* lt>e ^ollovta? 
rJsrelope b relation for the sSjost^nt sppltwi to th« count r«te of 
any «n«rcy iutonrnlt 

i • sner^gy tntsnrnl subscript (1 •!» ••• lii) 

r • Intsrcotlcc ratio 
f • photo f recti CO 
^ • oorre^Jted count rats,* epas 

f‘* • sl.iu»*.adl cesnt r^its, op« 

1 • photon rate, ?hotona per ailo 
S » » i,ju«t4wnt to the eotint rste, epe 
J • ener»?y subeorlut (j • 1, 2„ «.« 1-1) 
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sf *,h» r^T. f, * ‘r am V cn fJ\p «quell*y 

of th« corroeifld oc-unt r.'^to sn ■*>« e l,1u(«ted mte for tho hicbcat 
ftaors.y ’nt-erviul (I • 1), n^ore «qua^-^oa* vr-e applied in turn to 

each energy Intt'rval c©>at»»eocit ng wit* the bi«:he*»t lnt«r*w«l to ‘eternise 
the photon rate tnoldwt on *he sryatal, fhme onloulr'tlcns were sede 
for tii© ©nercy sp^^ctrua ©t ©•'oh point un5cr inrc^tl fetioa. The photon 
rat* -ncHent on the cryetsl ?»s t«bul»ted *n 2 t>roa;^ h3* 

The Icce r*«te at a position «f»s ieterwinsd ’'rcai eowatlon *?»’9 In 
Ool'leteln (1)* 



6. 

m corjff'"^5it •fepep '©nt on the unite 



(r) - r »»(t:)T«{r,’^)d- 




S 




• true (enorry) rlsorjjtlon coefficient for sir 



) • en?r»y fltix O’^r unit enerpy 






• nur^er fltat cf rho'ons 'i^l th energies between 

fit)'' * -i f photons ffi'r C’a -sec 



The followin'? soproxim-itlon w»o n»i«i 
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lai«rYal At w'ss IOC Seer, Hifl l»th (6n«r-'.y rm t^k^ns >»« th« 
ffiltlpislat «nsrfy o? asGh !at'^rv?l, tte-'- fc '^he bi.s« s«tt'nt of ilse 
8n#ly«®r pltt» 0 !as«>h»lf »ise trinim wi.ith» aa!ai’'er flax v«a d«» 

termiaaa froa photon r»t« *n.s ih» aasuewd X,0 *< 3 (u«r» in* cross ssetloa* 
Th« fi&»« r«t« in mr/hr for »#ch l»ih emiTt^y Int^TVtl it tatealatsd in 
TshXss ? thron^sh li3* lnt«cr»tBd r%t« st esoh expert ®rotal 

point is t«feel=?t«ii in Tf»bl«o 1, W* sn-i hS» 

statistic*! srror »» 'SScrUei in Pries (■?<), 

Feriffi'Jlo teot# w®r« »«4« ?c ch'Ok the r»nao«n«s# of th« sae^sursBHrnts, 
ffso » t-R3a:i«r‘J <lsri stiem vm rarr t-he corrojtoo count rato, 

th« photon r»t€> an4 •k»9« rsto* fijs >s«ic;wu« st-w-isri leYiailfim for th* 
int«grat«i i^se r#t« wss ?«3 p»r cent 9 % tn« polA% from the 

souros, .t$» sstniawai error -s*® O.lU per cent »t the cloeost 

point to tfte soax'ce* 
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i’h«’ r«t« 'yffreae rsJl -1 ‘sit'-'ice fro»! ^he lvi''t eent^rl’ni? t« 

plottQj In figara J for e^ch The poa’+lon of tha ssesparfi^iant 

'wy>* a» th« o<5nt«r lha 'rf^atsil veXupia, *'^nca ttea yoI'jbw' wp# 

f^alt# t-h® cloR««t to the iuc’t o<!curr<*5 th» cryat^l 

face ayafnst the tub®, Th® ■*« pls»n« of ♦‘hf» aovsrea 

«*9 not sny f'loaor to th® -uct thsn '*0 b<pcati®# of the 

hl^h r»t«« th»'-t were obt®S.ae:J, The tn^^rce^sl. nf usmitai-W cf the 

slope at tfeilfl !*a 1*1 au,'«®st®l tfc« rtormsl ^ncre-ae o? 'oee r«t« as th« 
r«;i4u« from ^h® acBrca ,'<»crra«e f, 'ni«» influence of 'he uot (f«» 
apparent In lh« sure* 'Sl vsiy hi Aer rr*-J»la, The ;«at Infloenoeci tiie 
toee x'et« close to the iuct proportion.® tely more mai «3or« «e the 
rertlctl 11 stance inc’^ase-l, T»\1s wss iae to 'he photone atrasn^nj!? 
throurfh the oct, photons of higher energy were s^le to travel 

np the 4:aot and be ec»^tt?r«d to position® i*lvag the rs.'i »ls than 
h*rve btNsn ihe c«s® hs-i they tr-vel® ' entirel/ through the water 
ae-iliurj, 

li t» &l«tlla» to Flmrt 3 axc*rt th'?t the 'il®t«5ce 

froTB the ItKJt centerline 1« heVs constmt •ihile *he lose r»t« is 
plotted Yorstia x»er+lc»l il»t»hee, ?hc ceaterlln® th* "uct, tk-t 
1« ihe rsi’us *l«!!'l '*■0 *rro, was not me •sure*, <11 <he onrres cf 
Flca~« t shotill rise to » finite w.sxI'rissb st the plena of the soiti^e 
tod fall off *# Torticel -Sistsafie '"alls ^elow source, “hi® nasi - 
mua mg ■it‘mnvtr-tc f the rurr-s »'®pr.'>«ent'^. reilsl <' atancoe of 
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~cse rst# a« a f«j 50 tion of r^alsl dlstsno* fro*» -tuot 
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Radial distance from duct (cm) 



27 






Fig^ire '■'Ose- m « function of Tcrtiff*! -figtaaet? from th« source 



Dose rate (mr/hr) 



23 




Vertical distance from source (cm) 



?5> IS ct5j* Pointn ol©r!?r M5 rh ?C O'*! alcn, 'h? Vrat 

pl«ne of sour®* were siot ’^asar^d >-eij8us« ©■^ bi.#h ooant mt«», 

®’i^ur« 3 coshered the railstlon f^ 'rttiz the sni wtihoat 

th« d«ct »t « rertioal {t«l;ocsee o-r 30 c«, 'Hie ■*?! attjrbaoce th the ft aid 
for this r»41«l bofen ».t about 10 n-% rstlsil :li 8 t»ri 0 e. This w?s ermlYal- 
««t t4> as! angle of 19 -le^^rers from the dori centerLlne '(4 th the eotaree 
»# the origin* Sl«ll«r plan# ea-i^lss ef 1^, Xt ’Sfi'S i»S defrere ^ere in- 
vesM,^:»trd hy erosa plottiag fr©« >*1gur« 3* Figure 5 shea*# the 
etiea of doae rst« with -disteaeo fro« the source for each ©? three 
plisi5.« ea^,le«, tn addition, the io»« ret* plotted for » point source 
la m infinite n«'.lluei usiRf lui.l4 up f»ct©r« e» contained la tiurrey (6 u 
the 30 end hS degree positions fell elcfng the e»ae curre* This ImSl- 
caWd the off-set of the yoi,-i ltd rot **tend beycad the ‘^'O .let roe aagie* 
The IS depres po»1. Mens InilcstdPi thrt the Totd does effect the ga«»» 
field t® tt least this angle frots th# i«ct osatsTllne, rjcrrotoi, the 
curve rsproseatlRiS 1> iegreos ani the surrs t'oprsa-eatiaf 30 and JiS 
degree* bepsa -sorglaf »t ilstasooa eloae to the eouree* ih« curve, 
C8lcuV*ted fr©5» build up fnsjtore, vaa tnrlU'dei t© so«!o*r» theoretical 
dose rates with taoesured do»e r»tes at uaeffectwi by the 

d«ot» tl though -'fferlns!: acrw'i^at Is wapnltuie the calsulHei sni the 
we«»ured curve sgree in sh#f>e relation --d th -Ji stance* 

n.fure 6 cn3ap«^e» value* taresurs’d by ^V-peri '4.th vrlse# calca- 
l»to4 frcis feulli up f»«jtora. ihe esreri atontel lose rate referred to 
that 'seessred thout the ‘uct and alonr a horlsental line orlfiaatiny 
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Flgurw r»t« »s » fttnctlen of from th« ■oore* 



Dose rate 
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Distance from source (cm) 
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Flf«r# 6, Jtp«rt»ent»l end e8lcYilet#d do*e r«t«« irtthottt the dwjt 



Dose rate 
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Distance from the vertical (cm) 
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^ ew 0 bcv« the no^irce, Thi« lin«* -Jupltaate-'i the 30 o?9 rsd!s»l in the 
•hiot si««»are*«sst. The eslouleted <iose rete referred to that calculeted 
from butlchip f»etor* ts-jrassln^ m i.8otr®ple iMslni ^ob»lt»^0 source In ea 
Infinite water ?nedlu»« Tite difference between ealcalete'l dete »sri. 
eseaewed det# esH.ee from 6*5 |>«rce»t ’t^rectljr shore t>,ie eonrce to ?5*7 
percent *t the furtheet point neaeured, this 1« « reseoreble reH, etiaa 
between mmmar«4 mi eslcalsted 'lose rates* X>o«reinf«r, »Japhe *nd 
tvomoXl (ii) »siim«t®d the sccnrsej of ioae buildup fectors to r»nf« 
frow 5 to percent* These bu:il<iup fsetors were efllculstSKl by 
Ooldstein »sv4 tsshulsted In (3), (Uj and (6/, 

The final portion of tits Ijayestlgeticn ineolved the to 

duplieete th# results of .”olH?w (?), The p.rlsisry difference between 
the ^eowetry of Collin** eseperl^mt aai tiiat of thl* experissixt we* the 
extension of the duct out of the water* Iho eonetruotlon of the tube 
a»ed for this lust required that It extend out of the weter a <^niaxm 
of 2 3/ti in* ’fhe duet used by Collin* we* approx iatately flush with the 
surface of the water* In sedition# the eeuree used by '”©111 ns was IxliUi’- 
sae md w»» positioned at the eentar line of *h« 'uct on on® side of e 
water ehiell with the .ietector post t1 ®n«>d ©a the other side* ?b* 
souToe of th.l» InvestlfPtlCB w«a aarrounded by wster, except for the 
hj.ct, sfeore mi below the aourc®. The type ©f detector used hy Collin* 
w?*s uaSfnowa. 1«»alt« from Cclllna (?) were noresll »«4f to the strength 
of the eouros yjMid In this experl’tsnt. The cossprrison, lndle»te'i by 
Fl.furs Tf vm la close ajffree’sent ne«r the duct* At 30 cse i'rom the duet 



Figure 7. Co«sp»rl»oa 0? ex|3'Rrl»«>at»l 



Dose rate (mi'/hr) 
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centerline s^reeaimt »if>8 within ID percent, Tiie higher 1ece r«t« for 
thl» ex?>«ri;!»eat «t 30 c«i probably reeultci frwi ih*- ecetterlng nellnji 
below the eource, Thle effect wst ■'jot »» rjotice^ble near the iuct 
since the rete wes wore icpenieat on anoolllie'J photon* cr photons 

nesr th« oncolllded enerjjy, figure 7 also oon«p«r«s the experipwatel 
vkwse rste tetetm out of the w^'iter with the dose r»t* fro* the correspond- 
i Of 30 cm redial meesured is ths- wster '.sedium, Ihe close agreeaant In- 
diested that the •seasureawnt taJeesi outside the snlelllng ec.ilu’s eotild 
b« used in lieu of the p»aeu remat e»d« within the moilam, 

'lie sgre^'ment %dth theory In one ce»c ani «n iniepcnlost exi'erl- 
went In « «cc©si ease iustJfUis confidence in the seev-y’irei -joee rstes, 
Th««e r*t«* ere »ult*bl« for comparleen «flth «nslyilo‘'l t*hhnlQue« de» 
Tsloped to preliet the effect of s iact. 
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A n»»b«r of »r«®» for fxitaire Invest! j^sUoa b«rcas*« spparmt m» 
pxp^^Timm>t protr«®»«.1, 1« Figure 3 the effect of tij« duct b#ce«e 

mr9 pTonoom*4 g» elenr tfte '^ct iocreeeed, cffeot 

should be iBvestljgeted eeia^f 3i4ct» of ether Heaetsre, ■'ecwlt# frcm 
•ucii *n imr«9tlg»t1oa woul!! sie«ioostr»t# «ny effect fJue to the Jtwt »i«e* 
figure 7 Indicated, for one re-dl*l, 1^«t -^oa* retea ■noeeared out- 
eld* the ehleldlog esediu’e «®r« In olo»« efreeaent -d th. thoee *»se«uretl 
In the »e'’^i«38* Befor* 1M« »fr«eisent could he fcoerslly nee e^ ted for 
cll redlele, »» iirreeiigatioa ehouXi be «ade isd th v»rd.ou« thlcknsaseee 
of the The ’•*«« of different ettenuating aeiieae ucald further 

brosden tha inve»ttf*tloa* ferifleetloa of acree-aeiifc between sseaeure- 
a««te iaaii* end oat«i i« the nMSdiua wuld redao* the a««d for making 
ssersuroBjsnt* elthin a m4imk durtRg lr?ve#ti|fatlon of duots, & farther 
ere# of atady would be the effect of koutc* mergy on the ys’SKia field 
about a dwot. This saw* Investigation could be coadacted using other 
sotsree** Osaws* rsidietloa froa *ho rsastor thermal coXu^ could be in- 
veatlfeted irlth vsr‘'«raa typo# of iacladtar iuota with bead*, 

elb-ow end Obs true ti oral, sRiltiple -dact** 
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‘fS 

Frow ihia followlas concluslcns ««jr be ©tptelt 

1, The pr«a«noe of » d««t in « sh-l,el1!ng ?n«rflun ■ tscreaae'i the 
ieee rate in the vicinity of the iuet* 

?* lose fcr the ^s'ase® fi.el ;’ Influence 1 by » iuct »p- 

proeehe-i the vsluee for oo tuot »» the Hatmca from the Juet lncr«»se^, 
retee reecbed the (no tact) close rs-te dthln 30 defrceo of 

the iuct oeaWrliae* 

3* ■^e influence of the iuet «»» taore proncunooc? es the iis^^nce 

sloag the iuct Increesec!# 

li, 'ilils tenlf: facility we* a 8ultK>fole infinite w«ter tneciiu^s* lie 
ea-pcrimntel f«c«»try veo satisfactorily syaswetricsl. 

5* 1hi» de-tector eswl c©unf''1 ag equi pwfent satisfactorily ‘ietersslaed 
differential lose rates »s low as 0,Cf0$ *sr/hr end integreted dose rsteo 
P9 low ft« 0,1 -arAr. 

6* the eppllC' tion of the photofrs''tlon end Intersctlon ratio 
>iss successful in convertinf '•ount rate to lose rate, 

7, •'^easuretsents ?a«de outs! ?e the shielding rtedlupi -nsy epororl- 
nat* those na le insHe the n«dia« for the stne shield thickness# end 
should be Investirate^ ;nore iheroufrhly for ecn^lyrusttcn, 

*!, Tne lnte"**«te ’ ''ose ver« euf clently "«ceijre*e to pro- 

’ll* e*'''Ori nent “I cowr.i**“iscR for ^hro’^et* crlly ’et-er*'’ ne-1 rates. 
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r<snpli»tloa ®f thta would hsTO beeo l’ss>o??tribXe -tth- 

mit ctirestion «3*J .wstst,«3o© of »>r* '”l«r;a Har-phy ml Mr* 

SiMssoer, 'fhi* o-ppo-rtejl ty for 'ito pro«-i -ed by ihm 

VstraOl fo«%T«d»iit9 fro^r's^., 

I 5*t«h to mx*rm» f«r e£Ksssur#-t,er»mi, anst patlmt 

®nd«r»sse® ©f fsntly tbroi2g|5.€«t t?vl.s ii?r«f-»i-5 Ration «i 4 igj® past tiir®« 
ymra of s'telsr* 
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